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Short-Period Seismic Wave Radiation Zone and Magnitude of Inland Earthquakes Occurring in Northern Miyagi Prefecture, 
Northeast Japan since 1900 Inferred from Seismic Intensity Data 

Katsuhisa KANDA and Masayuki TAKEMURA 

Kobori Research Complex Inc.,  
6-5-30, Akasaka, Minato-ku, Tokyo, 107-8502 Japan 

 

The inland earthquakes in 1962, 1900 and 2003 in the northern part of Miyagi Prefecture were studied to clarify 
those earthquake source location and magnitudes related to short-period seismic waves. We carried out seismic 
intensity inversion analysis of the 1962 and 2003 earthquakes using fault models adopted from existing research 
results based on epicenter distribution of aftershocks and waveform inversion, and obtained their short-period 
seismic wave radiation zones. Since there was no source information regarding the 1900 earthquake, we carried 
out grid search analysis and obtained an optimal fault model which was located southwardly away from Kogota 
where the seismic intensity was the largest. However, we found the results might be adversely affected by a 
spatially biased seismic intensity distribution where the large intensity area was located in the northern part of 
Miyagi and there were no data in Iwate Prefecture. We therefore reexamined the 1900 earthquake using the data at 
only higher latitude than 38.25 degree to eliminate spatial bias of intensity distribution. In addition, we used only 
the seismic intensity data more than five lower in JMA scale, because there is no guarantee that all the data of 
intensity four and less are included in the data and low intensity without damage is evaluated less reliably than 
higher intensities with damage. We analyzed the both additional cases and obtained the result of the optimal fault 
plane locating in the northeast of Kogota. This area is located between the fault planes of the 2003 and 1962 
earthquakes, and corresponds to the low-velocity area in the lower crust beneath the strain concentration zones in the 
northern Miyagi region. We also confirmed that the three shallow inland earthquakes in the northern Miyagi 
Prefecture occurred in different areas filling in the entire the strain concentration zones, which Takemura(2005a) 
pointed out. Their magnitude were similar and around M6.4. 
Keywords: Seismic Intensity Inversion, Inland Earthquake, Magnitude, Fault model, Northern Miyagi Prefecture. 
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Fig. 1 Map showing damage area during the Northern Miyagi 
earthquakes. Broken lines show borders of county in 1900. 
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Fig. 2 Flowchart of Analysis. 
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Table 1 Hypocentral parameters of the Northern Miyagi 
earthquakes considered in this study. 

Date 
(Yr/Mo/Dy) Time Long. 

(degree) 
Lat. 

(degree) MJ
Depth 
(km)

1900/5/12 2:23 141.1 38.7 7.0  
1962/4/30 11:26 141.134 38.734 6.5 19 
2003/7/26 7:13 141.171 38.405 6.4 12 

1900 (1979) 1962
(2009)  
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Fig. 3 Seismic intensity distribution of the 1900 event. 
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Fig. 4 Seismic intensity distribution of the 1962 event. 
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Fig. 5 Seismic intensity distribution of the 2003 event. 
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Fig. 6 Seismic measured intensity distribution of the 2003 
event [JMA(2009)]. 
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Fig. 7 Epicenter map of the 2003 event and its aftershocks for 
estimation of attenuation relationship and site correction factor. 
 

2 [ (2009)] 
Table 2 Earthquake parameters of events showing Fig.6. 

No Year Date Time Long. Lat. MJ 
Depth
(km)

Obs. 
stations

1 2003 726 0:13 141.1642 38.4345 5.6  11.55 469 

2 2003 726 7:13 141.1710 38.4050 6.4  11.87 733 

3 2003 726 7:16 141.1890 38.4175 4.0  12.36 82 

4 2003 726 7:19 141.1723 38.4468 4.2  14.82 38 

5 2003 726 7:51 141.1937 38.4650 4.0  14.05 62 

6 2003 726 8:09 141.2138 38.3905 4.0  13.25 41 

7 2003 726 10:22 141.1647 38.4565 5.1  13.01 225 

8 2003 726 10:25 141.1678 38.4508 4.0  12.20 51 

9 2003 726 14:53 141.1678 38.4628 4.0  12.66 32 

10 2003 726 16:56 141.1895 38.5003 5.5  12.04 349 

11 2003 727 13:20 141.2162 38.4790 4.2  11.01 61 

12 2003 728 4:08 141.1497 38.4583 5.1  13.69 218 

13 2003 808 9:51 141.2265 38.5197 4.6  10.83 94 

14 2003 812 9:27 141.1775 38.4978 4.3  12.07 88 

15 2003 827 2:12 141.1337 38.4835 4.0  14.11 50 

16 2003 1023 14:00 141.1883 38.4670 4.4  12.23 87 
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Fig. 8 Distance attenuation relationship of seismic intensity 
–foreshock of the 2003 event. 
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Fig. 9 Distance attenuation relationship of seismic intensity 
–main shock of the 2003 event. 
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Fig. 10 Relationship between JMA magnitude and average 
intensity level without distance attenuation effect. 
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Fig. 11 Site correction factor at observation stations. 
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Fig. 12 Contour map of site correction factor obtained from 
two-dimensional interpolation technique. 
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Fig. 13 Distribution map of soil amplification factor from base 
layer of 600m/s in shear velocity. 
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Fig. 14 Distribution map of site correction factor corrected with 
soil amplification factors. 
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Fig. 15 Fault model of main shock of the 2003 event. 
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Table 3 Fault model parameters for the 2003 event 
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16 2003  
Fig. 16 Map showing energy distribution from seismic intensity 
inversion of the 2003 event. 
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Fig. 17 Errors of intensity of the 2003 event estimated by 
seismic intensity inversion analysis versus magnitude. 
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Fig. 18 Distribution map showing seismic intensity including 
JMA data outside of Miyagi prefecture of the 1962 event. 
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Fig. 19 Distance attenuation relationship of seismic intensity of 
the 1962 event. The solid line shows equation (4) of M=6.5. 
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Fig. 20 Fault model of the 1962 main shock assumed from 
epicenter distribution of its aftershocks [Kono et al. (1993)]. 
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Fig. 21 Map showing energy distribution from seismic intensity 
inversion of the 1962 event (M6.5).  
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Fig. 22 Errors of intensity of the 1962 event estimated by 
seismic intensity inversion analysis versus magnitude. 
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Fig. 23 Contour map of error estimated by grid search method 
of the 1900 event using all intensity data. 
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Fig. 24 Contour map of error estimated by grid search method 
of the 1900 event using intensity data north of 38.25  latitude. 
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Fig. 25 Contour map of error estimated by grid search method 
of the 1900 event using intensity data of 5 lower and more. 
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Table 4 Cases and their assumption of inversion analysis for the 

1900 event. 
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Fig. 26 Map showing energy distribution from seismic intensity 
inversion of the 1900 event. 
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Fig. 27 Errors of intensity of the 1900 event estimated by 
seismic intensity inversion analysis versus magnitude. 
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Table 5 Estimated magnitude of Northern Miyagi earthquakes 
 M 

2003 6.3 6.4 
1962 6.5 
1900 6.3 6.5 
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Fig. 28 Fault models inferred from this study superimposed on 
map showing recent earthquake epicenters and S-wave velocity 
perturbation at a depth of 24km. 
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